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A Propellant Explosive and 1 
We, Recherches Chimiques, Societe 
Anonyme, a body corporate organised under 
the laws of Belgium, oi : Brussels, Belgium, do 
Hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
iollowing statement: — 

The present invention relates to an explosive 
and to a method of making the same, and more 
particularly, it relates to an explosive, the 
eitectiveness of which will remain substanti- 
ally stable over a wide range of temperatures. 

In armament technique it is generally con- 
sidered disadvantageous that the ballistic 
effect of propellent charges depends to a con- 
siderable extent on the temperature of the 
propellent charge. If, at the time of firing, 
the propellent charge is* at a temperature 
higher than normal, a higher initial or muzzle 
velocity and a higher gas pressure is produced 
by the same charge, whilst a correspondingly 
reverse effect occurs when the charge is at a 
temperature, lower than the normal tempera- 
ture. r 

The gas pressure obtained at the hiehen 
expected temperature is the determining' fac- 
tor for the construction and consequently for 
the weight of the gun. Thus, a heavier con- 
stniction is required than would be necessarv 
tor firing at the normal or standard tempera- 
ture of the explosive charge. On the other hand, 
when the propellent charge is fired at low 
temperatures, the resulting low gas pressure 
will cause difficulties, particularly in the case 
of automatic weapons the function of which 
is controlled by the gas pressure. 

Deviations in the initial velocity, will cause 
deviations in the range of the 'artillery pro- 
jectile* and thus, the temperature of the pro- 
pellent charge has to be taken into account by 
correspondingly changing the barrel elevation 
and the timing of the ignition. Thus v compli- 
cations and additional sources of error are in- 
troduced by the temperature dependency of 
the propellent charge. 
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method of shaking the same 

The degree of influence of the temperature 
of the propellent charge on its effectiveness as 
above discussed, is defined as the tempera- 
ture coefficient of the propellent char-e. 
depending on the type of gun and on the 
composition of the cnarge, the temperature 
coefficient is equal to about between 0.3% 
ana 0.8% of the gas pressure and to between 
v.l/o and 0.2% of the initial velocity of the 
projectile, per degree Celsius deviation from 
tne standardised or agreed normal value which 
may icr instance be plus 10° C. The fore- 
going relationships apply for the conventional 
smokeless powders. 

Smokeless powders have been produced 
which consist of a mixture of nitrocellulose 
and nimc acid esters of polyhydric alcohols, 
xne mixture is processed in conventional 
manner so that each particle of the propellent 
charge contains a substantially even mxture of 
tnese two mam constituents throughout The 
temperature coefficient of propellent charges 
made of a mixture of nitrocellulose and nitxic 
acid esters of polyhydric alcohols are within 
n lo/r e £ escribsd *ange of from 0.3% to 
£ r^£ 0r ^ e t. gas P ressur e and of from 0.1% 
to 0.2% for the projectile velocity. It is also 
known to cover shaped particles of an explo- 
sive charge which consist essentially of nitro- 
ceUiilose^by suitable surface treatment with 
desensitising substances. Thus, coatings were 
applied to propellent charges formed by gela- 
nnis ng or extrusion of nitrocellulose powders 
Suitable desensitisers are for instance sym- 
metrical diethyl urea, phthalic acid esters 
such as diethylphthalate or dibutylpthalate or 
camphor, each of these substances alone or 
mixtures thereof, in the latter case also in com- 
bination with dinitrotoluene or trinitro- 
mi^ 1 ^ A lhe ^"rpose of such surface treat- 
ment of the propeUent charge is to reduce the 
combustion speed of the powder particles in 
the initial stage of the firing in order to avoid 
a -men gas pressure peak. 

However, none of the prior art modifica- 
tions of the propeUent charge achieves a sub- 
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stantial reduction in the temperature coeffi- 
cient of the same. . 

It is therefore an object of the present 
invention to provide a propellent charge and 
5 a method of making the same, which will 
overcome the aforementioned disadvantages. 

It is another object of the present invention 
to provide a propellent charge which will give 
about the same gas pressure and initial velo- 
10 dry of the projectile over a wide range or 
temperatures. 

It is yet another object of the present inven- 
tion to provide a method by which a propel- 
lent charge having a very low temperature co- 
15 efficient can be produced in a simple and eco- 
nomical manner. 

Other objects and advantages of the present 
invention will become apparent from the 
further reading of the description and the 
20 appended claims. . 

With the above and other objects in view, 
the present invention provides a particulate 
explosive, wherein each particle thereof has an 
inner portion comprising a smokeless powder, 
25 and an outer portion containing at least one 
nitric acid ester of an aliphaUc polyhydric 
alcohol (as hereinafter defined). Preferably in 
a quantity equal to between 4% and 24% of 
the weight of said smokeless powder, and a 
30 desensltiser. . 

The present invention also provides ^ a 
metiiod of producing a n:articuhr exposive 
having a relatively low temperature coernci- 
ent upon combustion of the same, wherein the 
35 surface of particles of a smokeless powder is 
treated with a solution of at least one nimc 
acid ester of an aliphatic polyhydric alcohol 
fas hereinafter denned) and with a desensi- 
tiser so as to adhere at least the nitric acid 
40 ester of said polyhydric alcohol to the surface 
of the part culate smokeless powder. 

According to a preferred embodiment of 
the method of the present invention the sol- 
vent for said solution is one in which the 
45 smokeless powder is insoluble. The solvent 
is then removed, preferably by evaporation so 
as to form a coating of the nitric acid ester of 
the aliphatic polyhydric alcohol and of the 
desensitiser on the surface of the particulate 
50 smokeless powder, and the thus coated par- 
tides are washed with water and dried. 

Thus, the present invention solves the prob- 
lem of producing a smokeless propellent 
charge which possesses a low temperature co- 
55 efficient by treating a conventionally produced 
particulate smokeless powder on tne surface 
of its individual pardcles with nitric acid 
esters of aliphatic polyhydric alcohols. Sur- 
prisingly it has been found that it is possible 
60 hi this manner to produce a smokeless powder 
which possesses a considerably lower tempera- 
ture coe Sclent than the so far known smokeless 
powders. Preferably, the main ingredient of 
the smokeless powder according to the present 
65 invention is a nitrocellulose. The powder is 



first produced in conventional manner from a 
nitrocellulose mass, for instance by gelatinisa- 
tion with suitable solvents, extruding, cutting, 
silting, poLshmg and drying in order to 
evaporate the sou-em. In tnis manner, individ- 70 
ual powder particles for instance in the shape 
of rods of circular cross section or in the shape 
of small tubes with one or more longitudinal 
perforations, or in the shape of strips and 
platelets oi : such dimensions are produced as 75 
are particularly suitable for the type of gun 
for which the charge is destined. The thus 
obtained particulate nitrocellulose charge is 
then treated with nitric acid esters of aliphatic 
polyhydric alcohols, preferably in^ such a SO 
manner that the preshaped powder is coated 
with the nitric acid ester while in a heatable 
rotating drum. It is preferred for greater ease 
of handling and more even distribution of the 
nitric acid ester, to dissolve the same in a vola- 85 
tile solvent such as alcohol. However, a solvent 
has to be chosen in which the' nitric acid ester 
of t.:e polyxiydric alcchol is soluble, which, 
however, will not dissolve the nitrocellulose 
powder particles, or at most will dissolve the 90 
same enly to a very small degree. The solvent 
is then removed either during the surface treat- 
ment of the powder paidcies by suitable heat- 
ing, or subsequent thereto by drying. If 
desired or necessary, this surface treaang pro- 95 
cess can be repeated several times. It has been 
found advantageous to wash the treated powder 
with water alter removal of the solvent. The 
washing with water is prelerably earned out ar 
elevated temperaoire, and suosequendy, the 100 
thus treated powder particles. 

The quantity of nitric ac.d. esters of aliphatic 
polyhydric alcohols which in such manner are 
to be appLed to Lie surface of the nitrocellulose 
powder particles will preferably be kept 105 
between four per cent and twenty four per cent 
of the dry we.ght of the nitrocellulose particles. 
Particularly good results are obtained by usjig 
as nitric acid esters, nitrate of glycerol, of 
diethylene glycol, of methylene glycol, of no 
trirneihyiol etnsne and dietnanoinitramin j> how- 
ever, the present invention is not to be con- 
sidered limited to the above listed nitric acid 
esters. In this specification the term " nitric " 
acid ester of an aliphatic polyhydric alcohol" 115 
is to be understood to exclude nitrocellulose. 

The treatment with desensitising or retading 
agents can be carried out joindy with the nitric 
acid ester treatment, by using for instance a 
common solvent for the nitric acid ester and thi 120 
retarding agent, wiiich solvent again must not 
substantially attack the nitrocellulose particles, 
or 4 the treatment with desensitising or retarding 
agents can also be carried out in a separate 
step subsequent to the treatment of the surface 125 
of the nitrocellulose powder particles with a 
nitric acid ester. Good results are obtained 
according to the present invention by using 
as desensitising agents known stabilisers such 
as symmetrical diethyldiphenyl urea known as 130 
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Centralit I, camphor, phthalic acid esters such 
as diethyl or dibutyl phthalate, dinitrotoiuene 
or trinitrotoluene. The total quantity of these 
desensitisers which thus may be applied to the 
5 powder particles is preferably kept between 
0.5% and 12% of the weight of the dry powder 
mass. 

According to the present invention, a con- 
siderable reduction of the temperature 
10 coefficient is achieved, and consequently^ 
important advantages are connected with the 
use of an explosive charge according to the 
present invention. These advantages manifest 
themselves primarily in the fact that by using 
15 an explosive charge according to the present 
invention, an equal charge under otherwise 
equal conditions will achieve the same projec- 
tile velocities and gas pressures independent of 
ths powder temperature. This is of decisive 
20 importance for the accuracy achieved in the 
firing of artillery shells. As a further advantage, 
it should be noted that the explosive charge 
according to the present invention can be 
produced in equipment which . is customarily 
25 available in the powder industry, such as 
rotating drums, washing devices and dryers. 
^ In this manner, a highly advantageous reduc- 
tion of the temperature coefficient of the pro- 
pe lent charge is achieved which is all the more 
30 surprising since no such effect has previously 
been descrbed in the art. 

While the present invention is primarily 
described herein as an apolication of nitric acid 
esters of aliphatic polyhydric alcohols to the 
35 surface of particulate nitrocellulose explosives 
substantially free of nitric, acid esters of ali- 
phatic polyhydric alcohols, the same is not to 
be considered as limited thereto, since it is 
also in the scope of the present invention to 
40 surface treat porous explosive powders or par- 
ticulate explosives which already have admixed 
and distributed throughout the particles a 
nitric acid ester of an aliphatic polyhydric 
alcohol to the surface of the conventional 
45 propellent charge. 

The following examples are given only as 
illustrative of the present invention, the inven- 
tion however not being limited to the specific 
details of the examples. 
50 Example 1 

100 kg. of nitrocellulose charge produced 
in conventional manner are treated after 
vacuum drying in a conventional treating drum 
with a solution of 8 kg. of nitroglycerine plus 
55 4 kg. of dibutyl phthalate dissolved in 50 litres 
ethanol, in suoh a manner, that the nitro- 
cellulose powder is sprayed with the solution in 
several individual portions and then drum- 
treated at room temperature. After subsequent 
60 drying, ^ the thus treated charge is further 
treated in similar heated drums with a solution 
of 2 kg. of Centralit I, dissolved in 8 litres of 
alcohol with simultaneous addition of graphite. 
Thereafter, the powder is washed with water 
6f and dried in a conventional manner. 



Example 2 

100 kg. of nitrocellulose charge are treated 
in a first treatment with a solution of 6 kg. 
of trimethyiol ethanetrinitrate plus 2 kg tri- 
glycol dinitrate plus 1 kg. dinitrotoiuene, 70 
dissolved in 45 litres of ethanol, by being 
sprayed with the solution in several 
individual portions, and after drying, the thus 
treated powder is further treated by being 
sprayed with a solution of 3 kg. of camphor 75 
dissolved in 7 litres of ethanol with simul- 
taneous addition of graphite. 

The charge is then finished in conventional 
manner. 

ExiVMPLE 3 80 
100 kg. of the nitrocellulose charge are 
treated as described above with a solution of 
10 kg. diethylene glycoldinitrate plus 1 kg. 
dinitrotoiueae plus 3 kg. dibutyl phthalate, 
dissolved in 45 litres of ethanol During the 85 
spraying of the charge with the solution, in 
seve A al individual portions, the temperature'in 
the polishing drum is slowly raised up to 6^° 

Comparison experiments carried out under 90 
otherwise equal production conditions with 
and without the surface application of nitric 
ac.d esters of aliphatic polyhydric alcohols, 
alone or in combination with surface applica- 
tion of desensitisers, have shown that the 95 
explosive charges produced according to the 
present invention possess for a temperature 
range of trom minus 40° C. to plus 40° C. 
deviations in the efficiency of the propellent 
charge according to the present invention are inn 
very considerably smaller than in the case of 
conventional charges. 

WHAT WE CLAIM IS: — 

1. A method of producing a particulate 
exptosive having a relatively low temperature 105 
coefficient upon combustion of the same, 
wherein the surface of particles of a smokeless 
powder is treated with a solution of at least 

one nitric acid ester of an aliphatic polyhydric 
alcohol (as hereinbefore defined) and with a 110 
desensitiser so as to adhere at least said nitric 
acid ester of said polyhydric alcohol to the sur- 
face of said particulate smokeless powder. 

2. A method as claimed in Claim 1, in which 

the solution of the said nitric acid ester of an 115 
aliphatic polyhydric alcohol contains between 
4 and 24% of the ester based on the weight 
of the smokeless powder. 

3. A method as claimed in Claim 1 or 2 
wherein the solvent for said solution is one in* 120 
which said smokeless powder is insoluble, and 
wherein, after the treatment, said solvent is 
removed so as to adhere said nitric acid ester 

of said polyhydric alcohol to the surface of said 
particulate smokeless powder. 125 

4. A method as claimed in bairn 3, wherein 
said solvent is removed by evaporation. 

5. A method as claimed in any preceding 
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claim, wherein the resulting ^ coated particles 
are washed with water and dried. 

6. A method as claimed in any preceding 
claim, whereir^gaid desensitiser is symmetrical 

^dietHyldipEen^^^i camphor, a phthaiic acid 
^er^dMtrt toluene or trinitrotoluene. 

7. A method as claimed in any preceding 
claim, wherein said nitric acid ester of aa ali- 
phatic polyhydric alcohol is a nitric c.cid ester 
of glycerine, diethylene glycol, methylene 
glycol, trimethylolethane or diethanolnitra- 

mine. . . t 

8. A method of producing a particulate 
explosive substantially as hereinbefore 
described in any one of the foregoing examp.es. 

9. A particulate explosive, wherein each 
particle thereof has an inner portion comprising 
a smokeless powder, and adnering thereto an 
outer portion containing at least one nitric 
acid ester of an aliphatic po.yhydric alcohol (as 
here nbefore denned) and a desensitiser. ^ 

10. An explosive as claimed in Claim % 
• wherein said nitric acid ester of an aliphatic 

polyhydric alcohol is present in a quantity 
equal to between 4% and 24% of the weight 
of said smokeless powder. m 

11. An explosive as claimed in Claim 9 or 
10, wherein said inner portion is substantially 
free of nitric acid esters of aliphatic polyhydric 
alcohols. . - 

12. An explosive as claimed in any one ot 
Claims 9 to 11, wherein said desensitiser is 
present in a quantity of between 0.5% and 
12% of said smokeless powder. 



13. A particulate explosive, wherein each 
particle thereof has an inner portion consisting 
essentially of a smokeless powder and being 
substantially free of nitric acid esters of ali- 
phatic polyhydric alcohols (as hereinbefore 
denned), an intermediate portion consisting 
essentially of at least one nitric acid ester of an 
aliphatic polyhydric alcohol in a quantity 
equal to between 4% and 24% of the weight 
of said smokeless powder, and an outer portion 
consisting essentially of a desensitiser in a 
quantity equal to between 0.5% and 12% of 
said smokeless powder. 

14. An explosive as claimed in any one of 
Claims 9 to 13, wherein said desensitiser is 
symmetrical diethyldiphenyl urea, camphor, a 
phthalic acid ester, dinitrotoluene or trinitro- 
toluene. 

15. An explosive as claimed in any one or 
Claims 9 to 14, wherein said nitric acid ester 
of an aliphatic polyhydric alcohol is a nitric 
acid ester of glycerine, diethylene glycol, 
triethylehe glycol, trimethylolethanej or 
dietiianolrntxamine. 

16. A particulate explosive substantially as 
hereinbefore described in any one of the fore- 
going examples. 

W. H. A. THIEMANN, 

Prestige House, 
14 to 18, Holborn, 

London, E.C.I. 
Agent for the Applicants. 
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